In situ nanocharacterization of decomposition process of SiO2 films on Si(111) using high temperature scanning probe microscopy and scanning Auger microscopy in ultrahigh vacuum is reported. Due to insulating behavior of SiO2, noncontact atomic force microscopy (NC-AFM) was employed at 950 K in 10 8 Pa. Using conductive needle-sensors, simultaneous imaging of conductivity and topography was performed. NC-AFM enabled clarifying initial stage of void formation, where Si(111)-7 7 surfaces were confirmed by atomic-resolution scanning tunneling microscopy. Crosssectional profiles showed layer-by-layer etching as well as nucleation and growth of Si precipitates. Observed process are explained as follows. Firstly Si monomers are formed from surface lattice. The Si monomers diffuse to SiO2 films and react with oxygen atoms. The formed SiOx can desorb as SiO gas. Simultaneously Si monomers can recombine and nucleate as nanoscale Si precipitates. This is the first in situ observation of competitive reaction process of SiO2 decomposition, Si etching and precipitation.
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